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DurableGoodsMonopolyandQualityChoice:
Sellingvs.Renting
HiroshiKinokuni
1. Introduction
Theliteraturerelatedodurablegoodsmarketsconcludesthatamonopolistwhoellsdur-
ablegoodsbuildsle sthanthesociallyoptimallevelofphysicaldurabilityintoitsoutput;that
is,itpracticesplannedobsolescence(forexample,seCoase(1972),Bulow(1982,1986)and
BondandSamuelson(1984)).Themonopolyse lercan,however,alsointroducenewpro-
ductshatmaymakeconsumerspossessingtheoldunitsreplaceth m.Kinokuni(2000)de-
velopsamodelofadurablegoodsmonopolyse lerwhocanimproveproductqualityovertime
andendogenouslydeterminesthequalityofthenewproduct.Thepapershowsthathe
monopolyse lerwhofacesthetimeinconsistencyproblemhasanincentiveoproduceadditive
unitsexpostandchoosesaqualitylevelwhichisbelowthesociallyoptimallevel.Thepre-
sentpaperextendstheKinokuni'smodelandcomparethemonopolist'squalitychoiceinthe
salescasewitht atintherentalcase.Itisimportantodistinguishbetweenthesalescontract
andtherentalcontractin onsideringadurablegoodsmarket.Whenthemonopolistsellsdur-
ablegoods,itfacesthesituationoftheCoaseconjecture,hatis,itsellsdurablegoodsatthe
competitivepr ceandnogains.Ifthemonopolistcouldrentdurablegoods,itcanovercomel)
theCoaseconjectureandgainthenon-durablegoodsmonopolist'sprofits.Therefore,theU.S
governmenthasrequiredtheominantfirminsomeindustries(computers,copiesandshoe
machinery)tosellratherthanrentbythereasonthattherentalpolicybringstheanticompeti-
tiveoutcomeintothemarket
Thispaperdemonstratesth ,inthecasewheretheunitcostissufficientlyelasticw thre-
specttoquality,hemonopolysellerchoosesahigherqualitythanthemonopolyrenter
chooses.Therefore,inthiscase,prohibitingthemonopolistfromrentingtsproducttocon-
sumersisappropriatefromheviewpointfthequalitymprovement.Inthecasewherethe
unitcostisnotsufficientlyelasticw threspecttoquality,themonopolyse lerchoosesalower
qualitythanthemonopolyrenterchooses.Inthiscase,prohibitingtherentalpolicymakes
themonopolistchoosealowerp oductquality.Itisalsoshownthatthexistenceoftransac-
tioncostsinthesecondhandmarketr ducesthemonopolyseller'sincentiveo mproveproduct
quality
Althoughthereisnoliteraturedealingwiththequalitymprovementactivityin herental
case,thereisagrowingbodyofresearchrelatedothedurablegoodsmonopolyseller'sintro-
(169)
66 TheRitsumeikanEco omicReview(vol.49,No.2)
ducuonofnewproductsWaldman(1993)andChoi(1994)constructthemodelofadurabl
goodsmonopolyse lercharactenzedby etworkexternalitiesandshowthatthemonopolist
hasatoohighincentiveointroducenewproductsthatareincompatiblewithpr viousunits
Waldman(1996)showsthatalevelofR&Damonopolyse lerofdurablegoodschooses
maybelessthanthesociallyoptimallevel.Therearethreeimportantdifferencesbetween
Waldman'smodelandthispaper's.First,Waldmanassumesthatthereistheuncertaintyof
whethertheR&Dinvestmentwillbesuccessfulornotandthequalitylevelofnewoutputis
exogenous.Inthispaper,assumingthattheR&Dinvestmentissuccessful,amonopolisten-
dogenouslydeterminatesthequalitylevelofthenewoutput.Second,Waldmanassumesthere
aretwotypesofconsumers.Thispaperassumes,however,thereareacontinuousrangeof
consumerswhodifferbytastes.Third,thispapercomparesthemonopolyseller'sincentiveo
rmprovertsproductqualitywitht emonopolyrenter'sone
Theoutlineforthepaperisasfollows:Section2 utlinesourbasicmodelofadurable
goodsmonopolyanderivesthecondit'fthelevelofqualityamonopolyse lerandaronsor
monopolyrenterchoose.Section3comparesthelevelofqualityamonopolyse lerchooses
withthatamonopolyrenterchooses.Section4extendsthebasicmodelandanalyzesthe
effectof hexistenceoftransactionostsi thesecondhandmarketon hequalitylevelthe
monopolyse lerchooses.OuresultsareummarizedinSection5
2. TheBasicModel
2.1. Assumptions
2)Thispaperconsidersadurablegoodsmonopolyusingatwo-periodmodel.Weinvestigate
twocases;themonopolyse lercaseandthemonopolyrentercase.Themonopolistcanim-
proveproductqualitybyengaginginR&Dinperiod2. Itisassumedthatthequalityofthe
second-periodoutputishigherthanthatofthefirst-periodoutput.Inthissection,forsimplic-
ity,theoutputisassumedtobeperfectlydurable.Inperiod1,thefirmchoosesaquantityql
Letslrepresentproductqualityoftheoutputproducedinperiod1. Assumethatslisgiven
3)Inperiod2,themonopolistchoosesbothaquantityq2andaqualitys2,wheres2>sl'Wecan
alsowriteeachperiod'sproductqualityas
sl=sands2=kXs (1)
wheresispositiveandconstant,dk(>Ddenotesherateofimprovementofproductqual-
ity.Withnolossofgenerality,it sassumedthats=1. Therefore,thesecond-periodquality
choiceis quivalenttothechoiceofk. Inperiod2,oldunits(qualitysl=I)andnewunits(qualitys2=k)havethesamegenerictype,butareverticallydifferentiatedfromeachother
Inperiod(i=1,2),type6consumerderivesagrossbenefit6sifromtheconsumptionofa
unitofqualitysi,where6indexesaconsumers'tasteparameterthatisdistributeduniformlyon-4)theinterval[~,6]
. Thatis,6sistype6consumer'svaluationofthegrosservicesprovided
byaunitofqualitysiforoneperiod.Consumers'n tutilitysthepresentdiscountedvalueof
thetotalservicethattheoutputyieldsoveritslifetimeminusthepricePi.Eachconsumer
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consumeseitherzerooroneunitoftheoutput
Thefirst-periodun tproductioncostsaregivenbycl'whereclispositiveandconstant.The
second-period'sun tproductioncostsaregivenbyc(k),where
c'(k)>0andc"(k)>0forallk>1. (2)
Wrthnolossofgenerality,it sassumedthattherearenofixedcostsThediscountfac orrsO
6~1.Wewillalsoassumethevaluesofallparametersarcommonknowledge
2.2. Monopolyse ler'squalitychoice
Inthissubsection,weconsideramonopolistwhoellsdurablegoodsanderivethequilib-
riumconditionsforqualitychoice.Whenconsumerswhopossessanoldproductpurchasea
newone,theyhaveanincentiveoreselltheoldunittoconsumerswhodonotpossessit.
Thistransactionoccursinthesecondhandmarketwhichisassumedtobecompetitive.We
alsoassumethatthemonopolyse lercanotpricediscriminatedueto hepossibilityofarbit-
rage.Thatis,inthebeginningofthesecondperiodthemonopolistcanosellthenewpro-
ductatdifferentpricestothoseconsumerswhopossessandthosewhodonotpossesstheold
product.
First,wewillexaminetheincentiveconstraintsofconsumersinperiod1. Inperiodl,the
incentiveconstraintsofconsumerswhopurchaseaunitofqualityslatthepriceP1is
6sl+6pSH~Pl>O
wherePSHdenoteshepriceofaunitofqualityslchargedinthesecondhandmarket.Thus,5)
consumersoftype6~61E(pl~6psH)/slpurchaseaunitofqualityslinperiod1
Next,wewillconsidertheincentiveconstraintsofconsumersinperiod2. Wedenotecon-
sumerswhopurchasedtheoutputinperiodIas'consumers1',andtheremainingco sumersas
'consumers2'. Ofconsumers2,thetasteparameteroftheconsumerwhoisindifferentbe-
tweena ewunitofqualitys2andasecondhandunitofqualityslis60N~E:(p2-psH)/(s2-sl)
Consumers2oftype6>60NPreferanewunittoasecondhandunit,andconversely.Howev-
er,consumers2oftype662~P2/s2willneverpurchaseanewunitandthoseoftype660
~PSH/slwillneverpurchaseasecondhandunit
Inperiod2,consumersIwhopurchasedunitofqualityslinperiodIhavetwoptions:to
holdontotheoldunitorresellittoconsumers2oftype6>60atthepricePSHandpurchasea
newunitofqualitys2atthepriceP2'Ofconsumers1,thetasteparameterofconsumerwho
isindifferentbetweenthetwoptionsis6RSE(p2-psH)/(s2-sl)' ConsumersIoftype6>
6RSreplaceanoldunitwithnewone,andthoseoftype66RScontinuetopossessoldone
Notethat6RS=60N.
Wewillinvestigatetherelationshipbetweenco sumers'tasteparameterandachperiod's
quantityproduced.First,FigureIillustratesthecase61~60N=6Rs.Thequantitytradedin
thesecondhandmarketisrepresentedbyqsH.Inthiscase,602 60Nnecessarilyholds,be-
causeconsumersIhavetochargeapricethatsatisfies60 60N(i.e.,PSH(slIs2)P2)inorder
toreselltheoldunitinthesecondhandmarketinperiod2. Recallingthattheconsumers'
tasteparameterisdistributeduniformly,eachperiod'sdemandfunctionis,respectively,
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Figure1q
q2
qsH=ql
ql
e 60 OON el ~ 6
Figure2q
ql
qsll=q2
q2
Q 60 el eRs ~ e
- Pl~6PSH (3)ql=~O-61=6~ sl
- P2-PSH (4)q2=~6-60N=6~ s2-sl
Inthiscase,allofconsumersIpurchaseanewunitinperiod2,andthesuppliedquantityof
theoldunitis6-61andthequantitydemandedis60N~60.Thus,theclearingpriceinthe
secondhandmarketisgivenby
PsH~(s2-sl)P1+slP2-sl(s2- )6 (5)s2+6(s2-sl) '
Next,Figure2illustratesthecase61 60N=6Rs.Inthiscase,someconsumersIpurchasethe6)
newunitandnoneofconsumers2purchaseit. However,eachperiod'semandfunctionand
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7)
thepriceofanusedgoodarethesameasthecase61~60N=6RS.Thecase61 60isimpossi-
ble,becausethpriceoftheusedgoodmustsatisfy61~60
Substituting(5)into(3)and(4),simplifyingb using(1),andrearrangingyieldseachperiod's
inversedemandfunction
Pl(ql'q2)=(1+~)6-(1+~)ql~6q2, (6)
P2(ql'q2,k)=k6-ql~kq2' (7)
Sinceonsumersanticipatefuturepricesbasedonpresentac ions,amonopolyse lerofdurable
goodsmustsolveadynamicprogram.Therefore,theproblemofthemonopolyse leris
solvedrecursively.Giventhefirst-periodchoiceofql'theseller'ssecond-periodroblemis
givenby
max7c~(ql'q2,k)=[P2(ql'2,k)-c(k)]q2'q,,k
Maximizationofthesecond-periodrofitswithrespecttoq2andk,respectivelyyieldsthefirst-
orderconditions:
_k6-c(k)-qlq2- 2k ' (8)
e-q2=c'(k). (9)
Weassumeq2>Oandk>1. Althoughthesufficientco ditionsforprofitmaximizationwillbe
discussedinS ction3,herethesufficientco ditionsareassumedtobesatisfied
Combiningconditions(8)a d(9)yieldstheconditionforamonopolyseller'squalitychoice
- q~ c(k)6+ =2c'(k)- (10)k k '
LetkSdenotethsolutiontocondition(10).Thefirst-periodoutputlevelq~isobtainedbysolv-
ingthemaximizationproblemofthefirst-periodp esentiscountedvalueofthefirm'sprofit
stream:
maxHS(ql'q2(ql)'k(ql))=[P(qq(q)) cl]qlq*
+6[p2(ql'q2(ql)'k(ql))~c(k(ql))Iq2(ql)'
Thereactionfunctionk=k(ql)isderivedfromcondition(10),a dthereactionfunctionq2=
q2(ql)isderivedfromconditions(9)a d(lO).
2.3. Monopolyrenter'squalitychoice
Themonopolyrentercanmaximizeitsprofitsneachperiodsinceithastheownershipof
goodsandthereisnotimeinconsistencyproblem.Therenter'sprobleminperiodIisgiven
by
max7CRI=[6-ql~cl]qlql
Thus,thefirst-periodoutputlevelisq~=(6-cl)/2.
Wenowconsidertherenter'smaximizationprobleminperiod2. LetP~representtheold
unit'spriceinperiod2,andP~representtheewunit'spriceinperiod2. Letqodenotethe
quantityof heoldunitsuppliedinperiod2,andq2denotetheoutputlevelofthenewunitin
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period2:
q0=P~-PgPRs2-sl sl
- pR-pRq2=6-2 os2-sl
Therefore,thes cond-periodinversedemandfunctionsare,respectively,
Pg(qo,q2)=6-qo~q2,
pR(qo,q2,k)=k6-qo~kq2'
Thus,themonopolyrenter'ssecond-periodmax mizationproblemis
max7CR[pR(qo,q2,k)-c(k)Iq2+pg(qo,q2)qoq,,q,,k2
subjecttoqo~6~cl2
Maximizingthesecond-periodrofitswithrespecttoq2andkyieldsasthefirstordercondi-
tions:
_k6-c(k)-2qoq2- k '
(11)
6-q2=c'(k). (12)
Again,weassumeq2>Oandk>Iandthatthesufficientco ditionsforprofitmaximizationare
satisfied.Combiningconditions(11)a d(12)yieldstheconditionfortherenter'squalitychoice
- 2q~ c(k)=2c'(k)- (13)6+ k 'k
LetkRdenotethesolutrontocondition(13). Thetriplet(q~,q~,kR)maximizesthrenter's
profitsnperiod2. Ifq~>0,then(q~,q~,kR)isthesolutiontoconditions(11),(12)and
6-2qo~2q2=O.
Thesizeofqgdependsonq2RandkR,therefore,itd pendsonthesecond-periodunitpr uction
costs.Denotinge(k)asthelasticityofunitcostwithrespecttoquality,i.e.
e(k)=:kc'(k)c(k)
Thefollowingpropositiontellsustherenter'smarketingstrategyconcerningoldgoods
R Oife(kR)>3andqR>0PropositionI:Themonopolyrenterofdurablegoodschoosesq= 'o -2
ife(kR)32
Proof.Thefirst-orderderivativeofIT~withrespecttoqois
a7cR
aq2=6~2qo2q (1~
Substituting(11)and(12)into(1~andevaluatingatqo=O,q2=q~andkkRandynelds
(174)
DurableGoodsMonopolyandQualityChoice:(Kinokuni) 71
67T2 c(kR)6q(O,q~,kR)=3 -2c'(kR). (l~o kR
3 themonopolyrenterchoosesq~=O,Sincethederivative(15)isnon-positiveife(kR)>-2'whichmaximizesthmonopolyrenter'sprofits.Sincethederivative(15)ispositiveife(kR)
3themonopolyrenterchooses2'
6-cq~e(O I Q.E.D., 2 '
Fromproposition1, hemonopolyrenterrentsonlynewunitsinperiod2ife(k)>3forall-2
k>1andrentsbotholdandnewunitsife(k) 3forallk>1.Forexample,iftheunit2
costfunctionisc(k)=TkawhereaandTarepositiveconstant,thelasticityoftheunitcostis
constant,i.e.,e(k)=ct.
3. TheAnalysis
Wewilldenotethrightandsideofconditions(10)a d(13)byF(k);i.e.,
F(k)2c(k)-
c(k) (16)
k '
Weassumethattheunitcostfunctionhasthefollowingcharacteristics:
F(k)=I(2k2c"(k)kc(k)+c(k))>0forallk>1 (l~k2
Assumption(l~ nsuresthatkS(respectively,kR)obtainedbycondition(10)(respectively,(13))
maximizesthmonopolyseller'ssecond-periodrofits(respectively,thmonopolyrenter's
second-periodrofits).Theinequality(1~s atesthattwicethederivativeofthmarginalcost
withrespecttokexceedsthederivativeofthaveragecostwithrespecttok. Moreover,the
condition
F(1)=2c'(1)-c(D6 (1~8)
insuresthatkSandkRexceed1.
Bycomparingthelevelofqualitychosenbyamonopolyse lerwithonechosenbya
monopolyrenter,weobtainthefollowingproposition
Proposition2:
3(i)Ife(kR)~,2thenamonopolyse lerchoosesahigherproductqualitythanamonopoly
renterchooses
(ii)Ife(kR)32'thenamonopolyse lerchoosesahigherproductqualitythanamonopoly
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renterchooseswhenq~>2q~,andthesellerchoosesalowerp oductqualitythanamonopoly
renterchooseswhenqsl
Proof.
3(i)SincepropositionIsh wsthatq~=0whene(kR)> thelefthandsideofcondition(10)-2'
islargerthanthatofcondition(13)aslongasq~>O. Therefore,wecanconcludeks>kRsince
F'(k)>0(assumption(I~))
(ii)Whene(kR) 32 'q~>Ofromproposition1. C mparingthelefthandsideofcondition
(13)witht atofcondition(10)yieldsthefollowingrelationship
qsl~2q~ ks~kR Q.E.D
Fromthemonopolyseller'sconditionforqualitychoice(10)andthemonopolyrenter'scondition
forqualitychoice(13),thequalitychoicesd pendonthequantityof heoldunitssuppliedin
period2inbothcases.Thus,thefirmwhofacescompetitionwiththeoldproductmarkethas
theincentiveoofferthehigherqualitynorderto aisethenewproduct'sprice.Thatis,the
firmhastheincentiveoproduceamoredifferentiatedproductinorderto educethdegreeof9)
competitionwithldunits. Inthesalescase,theseller'sintroductionof henewproduct
makesconsumersreplaceanoldunitwithanewone,andthesecondhandmarketevelops
Intherentalcase,theredoesnotexistthesecondhandmarket.Therenter,however,chooses
3thequantrtyofoldunrtswhichmaxrmlzesrts condpenodprofitsIfe(kR)~2'thatrsthe
unitcostissufficientlyelasticw threspecttoquality,thenthemonopolyrenterhasanincen-
tivetoincreasethequantityof henewproductasasubstituteforimprovingproductquality
Thiseliminatestheoldproductmarket.Therefore,thelevelofqualitythemonopolyrenter
3choosesislowerthanthatthemonopolyse lerchooses.Ife(kR) thatistheunitcostis2' '
notsufficientlyelasticw threspecttoquality,thenthemonopolyrenterhasanincentiveoim-
provetheproductqualityasasubstituteforincreasingthequantityof henewproduct.Thus,
therelationshipbetweenthequalitylevelschosenbythesellerandtherenterdependsonthe
relationshipbetweenquantitiesofoldunitssuppliedinperiod2. Thereasonforcomparingql
and2q~isthattheformerconstrainsq2byaffectinghenewunit'sprice,andthelatercon-
strainstbyaffectingbotholdandnewunit'sprices
Theresultofproposition2suggeststhefollowing.Inthecasewheretheunitcostissuf-
ficientlyelasticwithrespecttoquality,prohibitingthemonopolistfromrentingtsproductto
consumersisappropriatefromheviewpointfthequalitymprovement.However,inthe
casewheretheunitcostisnotsufficientlyelasticw threspecttoquality,prohibitingtherental
policymayreducethmonopolist'sincentiveo mprovetheproductquality
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4. TheExistenceofTransactionCosts
Theinterestingpo toftheresultobtainedusingourmodelisthatthelevelofkSdepends
uponthequantitytradedinthesecondhandmarket.Therefore,afactorwhichrelaxesthein-
tensityofcompetitionbetweenthemonopolyse lerandthesecondhandmarketalsoresultsin
alowerlevelofkS.Inthisection,weextendourmodeltoconsidertheffectof hexist-
enceoftransactionostsi thesecondhandmarketonhemonopolyseller'squalitychoice
Inthecaseof61~60N=6RS,themonopolyseller'sintroductionof henewproductmakesall
consumerswhopossesstheoldunitreplaceitwithnewone.However,inpractice,someof
theconsumersaychoosenotoreplacedutothexistenceoftransactionosts.Forexam-
ple,theconsumerwhoiswillingtoreplacetholdproductwi hnewonemayincurthecosts
ofsearchingforaconsumerwhoiswillingtopurchasethesecondhandproduct,or hetrans-
portationcosts.Moreover,theconsumerwhoiswillingtoreselltheoldunitmayincurthe
costsofverifyingthattheoldunitisstillinworkingcondition.Thesetransactionostsu -
pedetradesinthesecondhandmarket,andissuadeconsumersfromreplacing.Inthefollow-
ing,weextendthebasicmodeltoconsiderthexistenceoftransactionostsi thesecondhand
market.
Forsimplicity,theratioofreplacementpurchasestE[O,I]isintroducedasaproxyfor
transactionosts.Theratioofreplacementpurchasestm asurestheratioofconsumerswho
replacetholdproductwi hnewoneinperiod2tothosewhopurchasedthoutputinperiod
1,anditisexogenouslygiven.Thecaset=Iisequivalenttothebasicmodelwhereallof
consumersIreplace.Thecaset=0isthecasewherenoneofconsumersIreplace.Inthe
rentalcase,wedoesnotneedtoconsidersuchtransactionosts,incetheredoesnotexista
secondhandmarket
Wenowinvestigatetheffectof heratioofreplacementpurchasesonthemonopolyseller's
qualitychoice.Incorporatingtheratioofthereplacementpurchasestintothebasicmodel,
andrewritingeachperiod'sdemandfunctionrespectivelyyields
- pT-6pTql=6~I SHsl '
q2
t(~PIT-6pSH PT-6pT p2T-pSH-1 SH+sl s2-slsl
Thesecondhandmarket'sequilibriumconditionisgivenby
pT-~pTpT-pTpTt~-I SH_ 2 SH_ SHsl S2-sl sl
Fromthelastthreequations,theachperiod'sinversedemandfunctionsare
P~(ql'q2)=(1+6)6-(1+6)ql~~q2,
P~(ql'q2,k)=k6-(k-t(k-1))ql~kq2'
Themonopolyseller'sproblemisgivenby
ST=[PIT(ql'q2)-cl]ql+~[p2T(ql'q2'k)-c(k)]q2maxH'q,
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ST [pT(ql'q2,k)-c(k)]q2subjecttoargmaxlc2'q2,k
Let(qsT,q~'T,ks.T)denotethsolutiontoproblem(19)
(19)
Proposition3:Ifq~,T2q~,thenamonopolyse lerchoosesalowerqualitythanamonopoly
renterchooses.Ifq~,T>2q~,thenamonopolyse lerchoosesalowerqualitythanamonopoly
renterchoosesforte[O,t),anditchoosesahigherqualitythanamonopolyrenterchoosesfor
te(t,I],where
t I ksT+2q~~; ('1+ks,T s,Tql
Proof.Followingtheprocedureusedinsection3yieldsthemonopolyseller'sequilibrium
conditionforqualitychoice,thatis,
- r/ I c(k)1'=l]qsT2c'(k)- ~O)6+Lt~l+ -k k '
Comparingcondition~O)withtheconditionforthemonopolyrenter'squalitychoice(13)yields
theaboveproposition. Q.E.D
Ifq~,T thenkR>ks,TregardlessoftheratioofreplacementpurchasesIfq' >2q~,then. ~T
therelationshipbetweenkRa dks,Tdependsontheratioofreplacementpurchases.Thelow-
ertheratioofreplacementpurchasesleadstoareductioninthequantitytradedinthesecon-
dhandmarket,andrelaxestheintensityofcompetitionbetweenthemonopolyse lerandthe
secondhandmarket.Astheratioofthereplacementpurchasesbecomeslower,thesellermust
sellalargerp oportionofthenewproducttoconsumerswhohavelowertasteparameters
Thiscausesthenewproduct'spricetobelowerandthusreducesthefirm'sincentiveoim-
proveproductquality.Consequently,themonopolyse lerchoosesalowerp oductquality
thanthemonopolyrenterchooseswhentheratioofthereplacementpurchasesis ufficiently
low.Thissuggeststhatallowingthemonopolisttorentitsproductto onsumersayacceler-
atethequalitymprovement
5. Conclusion
Thispaperhasconstructedamodelanalyzingthedurablegoodsmonopolist'squalitychoice
inthesalescaseandtherentalcase.Inthecasewheretheunitcostissufficientlyelasticw th
respecttoquality,hemonopolyse lerchoosesahigherproductqualitythanthemonopoly
renterchooses.Inthecasewheretheunitcostisnotsufficientlyelasticw threspecttoqual-
ity,themonopolyse lermaychoosealowerp oductthanthemonopolyrenterchooses.This
suggeststhat,inthiscase,prohibitingtherentalpolicymakesthemonopolistchoosealower
product.Thexistenceoftransactionostsi thesecondhandmarketreducesthemonopoly
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seller'sincentiveoimprovetheproductqualitysinceitrelaxestheintensityofcompetitionbe-
tweenthemonopolistandthesecondhandmarket.Therefore,allowingthemonopolisttoren
itsproductto onsumersayacceleratethequalitymprovement
Appendix
Inthisappendix,weexaminethsufficientco ditionsforprofitmaximization.Thesuf-
ficientconditionsforthemaximizationofthemonopolyseller'ssecond-periodrofitsare
a27c~/aq~- (A1)= 2kSO,
a27cSlaq~27c~laq2ak
_sa27c~l6kaq26 k
c'(k)c(k)F'(ks)>0 (A2)2s/;:bl'2 kS7c2/(ln'
Sinceassumption(1~establisheskS>1,(Al)clearlyholds.Alsofrom(8)and(9)
q~=c'(kS)-c(k)_ql>0,ks ks
thus,weobtain
c'(kS)c(k)>0kS
Therefore,assumption(1~insuresthatcondition(A2)holds
Similarly,wecanshowthatthesufficientco ditionsforthemaximizationof hemonopoly
renter'ssecond-periodrofitsareatisfied
1)Rentingmaycreatesomeserioushazards.Iftheconsumers'consumptionmode(maintenance,
care,etc.)matters,themonopolistmu monitoratthendofeachperiodthexactonditionof
thegood.Suchamonitoringtechnology,h wever,maybeextremelycostly.Therearealsonumer-
ouspapersconcerningwhetheradurablegoodsmonopolist,inreality,prefersrentingtoselling
(see,.g.,BucovestskyandChilton(1986),Malueg,SolowandKahn(1988),Bhatt(1989),DeGra
ba(1994)andWaldman(1997))
2)Thispaper'smodelisanextensionofMann's(1992)andKinokuni's(2000).Mannconsidersthat
themonopolyseller'schoicevariableisonlyaquantity.Kinokuni'smodela lowsthemonopolysel-
lertochoosebothlevelsofquantityandquality.Thispapercomparesthequalitylevelthe
monopolysellerchooseswiththatthemonopolyrenterchooses
3) Inthecasesl=s2,thismodelcoincideswithBulow's(1982).Therefore,att ntioninthispaperis
restrictedto hecasesl
4)Thispaper'smodelissameasKinokuni's(2000)when6=0and6=1
5)Wedonotconsiderthecasewhereconsumersoftype6~61donopurchasetheunitofqualitysl
inperiodIandpurchasetheunitofqualitys2inperiod2.Toputitmoreprecisely,itisassumed
that
6sl+~psH~Pl:~~(6s P)forall6>6
Thisis,weassumetherationingrulewhereconsumerswhohaveahighertasteparameterpurch
asetheoutputinperiodl.
6)InWaldman's(1996)model,itisassumedthatconsumersIbuyanewgoodinperiod2andcon
sumers2buytheoldgood.Inthispaper,asisoftenthecase,consumers2mayalsopurchasethe
newgoodinperiod2.ThisisthecaseinFigurel,i.e.,someconsumerswhobuynothingperiod
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1,buyanewgoodinperiod2.This,forexample,mayoccurwhencost-reductioninnovationlowers
thesecond-periodroductioncost,whichausesthepriceofthenewgoodtobesufficientlylower
7)Inthecase61 6Rs,thequantitysuppliedoftheoldunitis6~6RSandthequantitydemandedis
Ol~Oo.Consequently,thec earingpriceinthesecondhandmarketisthesameas(5).Notethat60N
=ORs.
8)Forexample,thcostfunctionoftheformc(k)=rkawhereT>0anda>Isatisfiesas umptions
(2),(I~and(1~.
9)Motta(1993),usingaduopolymodel,showsthatfirmswhofacemores verecompetitioncho se
moredifferentiatedproducts
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